The maximum of the histone acetyltransferase activity precedes DNA-synthesis in regenerating rat liver  by Weiss, Günter & Puschendorf, Bernd
Volume 238, number 1, 205-210 FEB 06357 September 1988 
The maximum of the histone acetyltransferase activity precedes 
DNA-synthesis in regenerating rat liver 
Giinter Weiss and Bernd Puschendorf 
Institut fiir Medizinische Chemie und Biochemie der Universitiit Innsbruck, Fritz-Pregl-Strasse 3.6020 Innsbruck, Austria 
Received 11 July 1988; revised version received 12 August 1988 
A pronounced transitory increase of histone acetyltransferase (EC 2.3.1.48) activity before the onset of DNA replication 
is shown to occur in regenerating rat liver. This effect is followed by an increase in the HI/HI” ratio at the start of DNA 
synthesis; HI” is replaced by Hl. Histone acetylation and HI/HI” exchange are discussed as steps in the signal transduc- 
tion for DNA replication. 
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1. INTRODUCTION 
The exact biological role of histone acetylation is 
still unclear. .This post-translational modification 
has beenshown to affect the structure and solubili- 
ty of nucleosomes [l-3]. Numerous reports 
describe correlations between histone acetylation 
and transcription [4]. Evidence for the role of 
histone acetylation in DNA replication and dif- 
ferentiation has also been presented [5,6]. Most 
likely histone acetylation is involved in a number 
of processes, perhaps all those which. require a 
histone displacement or weakening of the 
histone-DNA interaction 161. In rats after partial 
hepatectomy during liver regeneration a dramatic 
change in transcriptional activity was observed, 
followed by a period of DNA replication. 
Since the 1 studies by Pogo et al. [7] histone 
acetylation in regenerating rat liver has mainly 
been correlated to RNA synthesis. Little attention 
has been paid so far to relations between histone 
acetylation and DNA replication. Studies in other 
cell systems indicate a type of histone acetylation 
of pre-existing histones which precedes DNA syn- 
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thesis and is discussed as a signal for the replica- 
tion mechanism which is followed by acetylation 
of newly synthesized histones [6]. These studies 
were initiated in order to investigate whether 
similar types of replication associated activities in 
histone acetyltransferase can be detected in 
regenerating rat liver. 
2. MATERIALS AND METHODS 
Male Sprague Dawley rats (250-320 g) were partially 
hepatectomized [S] or sham operated. The rats were killed at 
various times after hepatectomy, the livers were isolated im- 
mediately and put into 0.14 M NaCl; homogenized in 3 vols 
STKM (0.25 M sucrose, 25 mM KCI, 5 mM MgCb, 50 mM 
Tris-HCl, pH 7.9) using a Potter homogenizer, and cells were 
sedimented by centrifugation at 1000 x g. Cells were suspended 
in STKM containing 0.1% NP40, dounced several times and 
nuclei were pelleted at 1000 x g. Nuclei were washed two times 
using STC (0.34 M sucrose, 2 mM CaCls, 100 mM Tris, pH 
7.9) and suspended in the same buffer at a concentration of 
20 mg protein/ml. All buffers contained 10 mM Na-butyrate, 
0.1 mM phenylmethylsulfonyl fluoride, 0.1% ,&mercapto- 
ethanol. All preparations of liver cells and nuclei were done on 
ice. 
2.1. Acetylation of histones in isolated nuclei 
Nuclei (1.2 mg protein) were preincubated in STC with 
1OOpM acetylcoenzyme A at 22°C for 5 min (total volume: 
200 ~1); the reaction was started by addition of [3H]acetylcoen- 
zyme A (1.6 Ci/mmol, final concentration 3 PM). At various 
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times (0, 1, 2,4,8 min) at 22°C the reaction was stopped by ad- 
dition of 5 vols ice-cold STC containing 200,uM unlabelled 
acetylcoenzyme A. Histones were extracted with 0.2 M HlS04 
and precipitated by 40% trichloroacetic acid and analyzed on 
8 M urea-0.46% Triton X-100 PAGE. Fluorography of the 
gels was performed as described [9]. 
2.2. DNA synthesis 
Hepatectomized and sham operated rats were labelled by in- 
traperitoneal injection of 1 &i/g 13H]thymidine (25 Ci/mmol). 
Nuclei were isolated as described above and washed with 5% 
trichloroacetic acid and 96% ethanol. The pellet was dissolved 
in 0.25 M KOH and the DNA concentration was determined ac- 
cording to Keck [lo]. Radioactivity was measured in a liquid 
scintillation counter, and the specific activity of DNA was 
calculated. 
2.3. Incorporation of tH]acetic acid into histones 
Rats were injected intraperitoneally with 1 mCi [‘HIacetic 
acid (4 Ci/mmol) per 100 g rat 30 min before killing. Nuclei 
were prepared from liver as described above and histones were 
extracted with 0.2 M HzS04, precipitated by 40% 
trichloroacetic acid on ice for 1 h, washed with 95% ethanol 
and dissolved in water. The histone concentration was deter- 
mined as described by Lowry [ll] and radioactivity was 
measured in a liquid scintillation counter. 
2.4. Preparation of HI histones 
Hl histones were extracted from nuclei with 5% HCl04 for 
1 h and precipitated by acidified acetone at - 20°C overnight; 
after centrifugation at 20000 x g for 30 min the sediments were 
washed with ice-cold acetone. Hl histones were dissolved in 
SDS sample buffer and separated on SDS gels according to 
Weintraub [12]. 
3. RESULTS AND DISCUSSION 
Fig.lA shows a first maximum of the histone 
acetyltransferase activity in isolated nuclei 2-3 h 
before the start of DNA synthesis. 16-18 h after 
hepatectomy at the beginning of the DNA replica- 
tion the enzyme activity decreases to control values 
of sham operated rats. The increase of specific 
histone acetyltransferase activity 20 h after 
hepatectomy (at the time of maximal thymidine in- 
corporation) disappears, if the enzyme activity is 
calculated per mg histone instead of total protein 
(fig.lB). A second peak of histone acetyltransfer- 
ase activity is -observed 26 h after hepatectomy 
which is followed by a new round of DNA syn- 
thesis with the maximum 37 h after partial 
hepatectomy (fig. 1 B). 
Since there is no important histone biosynthesis 
before the onset of DNA synthesis after hepatec- 
tomy [ 131 it can be concluded from our results that 
pre-existing histones must be acetylated before 
DNA synthesis can occur. 
Pogo et al. [7] described an increase of 
13H]acetate incorporation into histones of 
regenerating rat liver 3-4 h after hepatectomy. We 
also observed a first peak of [3H]acetate incorpora- 
tion into regenerating rat liver 4 h after partial 
hepatectomy (see fig.2). After 6.5 h at the max- 
imum of RNA synthesis [ 141, we detected a 60% 
increase of [3H]acetate uptake referred to the sham 
operated control and nearly the same value of 
acetylation had been observed 12 and 18 h after 
partial hepatectomy, when there was still RNA 
synthesized. A remarkable increase of [3H]acetate 
incorporation could be found 13 and 26 h after 
partial hepatectomy, at the time of the maximum 
of histone acetyltransferase activity. These results 
indicated that this increase of enzyme activity is 
correlated with a higher extent of acetylation at 
these time points. It is important to notice that 
there is a higher extent of [3H]acetate incorpora- 
tion before the onset of replication than at the 
maximum of RNA synthesis. The acetylation 
before the onset of DNA synthesis is caused by an 
increase of histone acetyltransferase activity 
whereas the first maximum of [3H]acetate uptake 
is due to a decrease of histone deacetylase activity 
and not caused by an acceleration in the rate of 
acetylation. Our results, demonstrating no changes 
in histone acetyltransferase activity at these early 
time points after hepatectomy, are in accordance 
Fig. 1. (A) Acetylation of histones in isolated nuclei (pmol/min per g protein). Relative alteration in percent of [‘HJacetyl-CoA uptake 
into regenerating rat liver histones related to the sham operated control. The sham operated control (= baseline) corresponds to 3.48 + 
0.36 pmol/min per g protein. DNA synthesis in vivo: ratio of synthesis in regenerating rat liver referred to the sham operated control. 
Ratio 1 corresponds to 8600 + 623 cpm/mg DNA. 
L 
cpm/mg DNA regenerating liver 
cpm/mg DNA sham operated liver I
(B) Acetylation of histones in isolated nuclei (pmol/min per mg histone). Relative alteration in percent of [3H]acetyl-CoA uptake into 
regenerating rat liver histones in comparison to the sham operated control. The sham operated control (= baseline) corresponds to 
0.232 k 0.030 pmol/min per mg histone. DNA synthesis in vivo: as described above. 
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Fig.2. Relative amounts of [3H]acetic acid incorporation into Fig.3. Electrophoretic analysis of histones isolated from rat 
regenerating rat liver histones expressed as percent of the sham liver nuclei 13 h after partial hepatectomy. Histones were 
operated control. The sham operated control (= baseline) labelled with [3H]acetyl-CoA as described in section 2. (a) 8 M 
corresponds to 2408 + 262 cpm/mg histone. urea-0.46% Triton X-100 gel stained with Coomassie blue. (b) 
Fluorography of the same gel. 
with the findings of Pogo et al. [7]. Our studies 
show a sharp transitory rise of histone 
acetyltransferase activity which occurs well beyond 
the first peak of RNA synthesis (6-8 h after 
hepatectomy) [14]. This alteration in histone 
acetylation which appears to be more closely 
related to DNA replication seems to have been 
overlooked so far. Similar results have been ob- 
tained with Physarum polycephalum in which 
acetylation of pre-existing histones precedes DNA 
replication [6]. 
The fluorographs (fig.3) indicate that the 
acetylation of H3 and H4 histones precedes that of 
other core histones and is observed 13-14 h after 
hepatectomy. Furthermore, in accordance with 
reports by Schriiter et al. [15] these histones show 
the highest extent of acetylation. With regard to 
these reports it is suggested that the acetylation of 
H3 and H4 histones is preferentially correlated 
with the DNA replication. 
After the increase of histone acetyltransferase 
activity there is a replacement of H1° by Hl at the 
start of DNA-synthesis (fig.4). It is generally 
assumed that the decrease of Hl’ is a prerequisite 
for the proliferation [ 16-181. This assumption is 
supported by our data indicating a constant in- 
crease in the Hl/Hl“ ratio during liver regenera- 
tion. This Hl/Hl“ exchange lends additional 
support to the replacement hypothesis [6] which is 
discussed as the major function of histone acetyla- 
tion. Furthermore, this Hl/Hl’ exchange is in ac- 
cordance with an involvement of histone 
acetylation in the alteration of the higher order 
structure of chromatin by an influence on the 
DNA linker region [19,20]. 
In summary, the following time-dependent se- 
quence of events after hepatectomy is observed 
before the start of DNA synthesis: (1) activation of 
c-myc [21], (2) increase of histone acetyltransferase 
activity, (3) exchange of.Hl’ by Hl by lowering the 
Hl’ content, (4) increase of DNA synthesis. All 
these events, which exist only for a short period, 
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Fig.4. HI0 content in percent of total Hl in regenerating (o---o) and sham operated (C--O) rat liver in relationship to DNA 
synthesis (see fig.1). 
seem to be involved in the transduction of signals 
for cell proliferation after hepatectomy leading to 
the start of DNA replication. Further experiments 
in cell cultures with specific inhibitors of c-myc 
and/or DNA synthesis will be required in order to 
prove the biological relevance of the observed se- 
quence of biochemical reactions before the start of 
DNA replication. 
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